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ABSTRACT 

The present invention relates to polyester urethanes comprising polypentadecalactone 
segments. These poiyester urethanes do show good properties which may be adjusted 
in a coniroiiftd manner. In preferred embodiments the polyester urethanes display 
additionally polycaprolactone segments. Such polymer may show shape memory effects. 
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Polyester urethanes 



The present invention relates to polyester urethanes comprising a specific component of 
polypentadecalactone (PDL). 

Plastic materials are valuable synthetic polymeric materials which have secured a 
prominent place In many applications in the art. By varying the different components of 
powers attempts are made to achieve optimum properties tor the desired applicatione 
n order to respond precisely and selectively to specific demands. A dees cZ oJ^Z 

2zz:r u z are po,yurethanea since *~ — 

Z22T? , Pref0m,ed pf0dud "S u ^d side product A 

kno^ class of poiyunethanes ere polyurethanes comprising two diffej TpLZ^ 

components, namely a. polycaprolactone segment and a pclyparadioZZ 

These material described In WO-A-89^2528 and wl^^TTl T 

fernery ejects, wherein .e po.ycaprolactone s^^^ 

the polyparadloxanone segment serves » «„ „,,,.„ _, segment and 

polypara^exenone segme^s ZZ 7> ^ "~ « 

^rth.rmom . lot of the known pofyester uretLlV ^ blodegradaMltv. 

proper, so ma. me use o, ^Z^Z rZ meChanteal 

It is the object of the present invention to provide a nmmi «*, - • 

Preferred embodiments are described in the subdalms. 
The most basic form of the present in^r,*— 

polypentadecalactone segments in HI ln «° <* 
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segments, different from polypentadecalactone may be present In a preferred 
embodiment the polypentadecalactone segments are employed as hard segments In the 
polyester urethane, which, in addition to the polypentadecalactone segments, do 
comprise further polyester segments, preferably polycaprolactone segments, as soft 
segments. These further segments may be selected among a broad variety of 
chemically different components which are suitable as soft segment Specific examples 
which may be named comprise partially crystalline segments, comprising polyester 
segments, polyether ester segments and polyether segments, such as polycaprolactone 
segments (PCL), polycaprelactone^»^ytetrahydrofurane segments (PCL-co-pTHF), 
tetrahydrofurane segments (pTHF), polypropyleneglycol segments (PPG) and 
polyethylenegiycol segments (PEG), as well as glassy segments, comprising polyester 
and copolyester, such as poly-L-iactid-co-glyconde (ran) (PLGA) and poly-DUactlde (P- 
DL-tA). in particular a combination of polypentadecalactone segments and 
polyethyleneglycoie segments enables intriguing properties of the resulting material due 
to the combination of hydrophobic and hydrophllic segments. 

The polypentadecalactone segment, contained in the polyester urethane used in 
accordance with the present Invention. Is usually Introduced into the polyester 
urethane in the form of a macro diol. This segment may be obtained by ring opening 
polymerisation from o-pentadecalactone employing tin catalysis and using ethylene 
diol as initiator. The ratio of initiator to monomer controls the molecular weight of the 
segment The molecular weight of the polypentadecalactone segments in the 
polyester urethane used in accordance with the present invention is not critical. 
Usually the number average of the molecular weight is however in the range of from 
1000 to 20,000 g/mol, preferably to 2000 to 11,000 g/rnol, determined by GPC- 
analysis. The macrodlol from pentadecalactone may be converted to a polyester 
urethane using those diisocyanates which are typically employed for the preparation 
of polyurethanes. Preferred diisocyanate are compounds having the formula 
0=c=N-R-N=C=0 wherein R is aromatic or aliphatic. Preferably however R is 
aliphatic comprising a carbon chain of from 1 to 10. preferably 2 to 8 and In particular 
preferably 4 to 7 carbon atoms. This carbon chain may be saturated with hydrogen 
or may show additional substituents. These substituents comprise short chain alkyl 
groups, in particular methyl groups. A preferred diisocyanate is trimethyl hexane-1,6- 
diisocyanate. 
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By varying the molecular weight of the polypentadecalactone segment the properties of 
the polyester urethane may be varied. The molecular weight of the polyester urethane Is 
not critical and may be selected m accordance with the desired use. Typical molecular 

7nZ ^TT * GPC) * ** ™*> « «™ ^0.000 to 

250 000 g/rnol, preferably within the range of 60,000 to 200,000 gAno. and In particular 
within the range of 62.000 to 106,000 gAnol. 

^?T r , Urethane8 ' n *»» *• Mention which comprise 

metene, In accortanc, »», m. Cln a^^JLT *» 
*-« compost on, „ a rrJ2^T^ZZ ~ ** 

within a physiologic* em ^ men „ *" — % 

application. The use of eeoments mjTZ ^ ,nr *"" nt » «* tons time 

a^an a9 a^ W3mo :r^ llv t^ B n, at , :^ Ctone ^ "» 
Ihe cosmetic industry. m0derate <"•«««*» * «• within 

Preferably the polyester urethane comprises in ad«H™ *. 

segment at least one further oo^Z Zl^ I P<"yPsnta«eca,a«ona 

are block copolymer comprtslnc JLJZZT . ™ MB pol) " ss,er 

polyester sagnteL, pZ^^Z^T**" M8men,S - ^ 0, " 9r 

Pa^oula, the P^C^^T^TTS ZT" "V™*' * 
p6lypen te(l eca la o,onese 9 men^b.,Zd U « l It' ^ *" *• 

a mao*,* Th ,a macmdio, may £££ EST"? " •» * 

sKBIao pe„on. su» a, rtng opening XTrtsaa , Pr0CeMes ^ the 
with me process case**, 1£ P 0 *™""*" of s-oapmtaetane. in aooomance 
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The molecular weight of the additional segments, as described above for the 
polycaprolactone segments, is not critical. However, typically these segments do show a 
number average of the molecular weight, determined by GPC, of from 1000 to 20,000 
g/mol preferably 2,000 to 11.000 g/mol, wherein the preferred range for the PEG 
segments is from 2000 to 20,000 g/mol, for the PLGA segments from 4000 to 9000 g/mol 
and for P-DL-LA from 6000 to 11,000 g/mol. The polyester urethanea comprising 
additional segments, preferably polycaprolactone segments do show preferably a 
molecular weight of from 50,000 to 250,000 g/mol (number average, determined by 
GPC), more preferably of from 60,000 to 200,000 g/mol and in particular preferably from 
62000 to 198,000 g/mol (and in some embodiments of from 55,000 to 100,000 g/mol). 
The content of polypentadecalactone units may be varied over a broad range, preferably 
the content of pentadecalactone units is In the range of from 10 to 80 wt%, In particularly 
within the range of from 20 to 60 wt%. 



When the above described polyester segments are converted by a polyaddition rection 
using the above disclosed diisocyanates to polyester urethanes in accordance with the 
present invention, a variation of the respective amounts and molecular weights of the 
polyester segments enables an adjustment of the profile of properties of the resulting 
polyester urethanes. This preferred embodiment of the present Invention provides a 
polymeric system which enables, by modifying simple starting materials, a . control of the 
resulting properties. 

The materials in accordance with the present invention may be used in the form of fibres, 
such as In wrinkle resistant textiles, in the form of different shaped articles, for example 
in the field of medicine, as slowly degrading implants or in the form of coatings, for 
example on short term implants, such as cannulae or lead-wires. The use as coating 
material may increase the bio compatabillty of the coated articles and may therefore 
protect the user from undesired side reactions during use of the coated articles. 

The preferred polyester urethanes of the present Invention, which comprise in addition to 
the polypentadecalactone segments forther segments, preferably polycaprolatone 
segments, do display further preferred profiles of properties. 

The introduction of further segments, preferably polycaprolactone segments, into the 
polyester urethanes of the present invention introduces a second matting temperature. 
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which may be detected during DSC measurements, into the polyester urethane. This 
second meieng temperature usuaOy lies In the range of above 50-C. depending *om the 
molecular weight and the proportion of the further segment, preferably the 
polycaprolactone segment, In the polyester urethane. 

in addition the mechanical properties mey be contralled over a broad range WKh 
■ncreeslng content of polypentadeclacton. me value for E-Moduh* may be Increased 
as we, The value tor the etongeeon a. break may be adjusted to 600 to 1200% w* 
in«ees,ng content of polypentedecateeton. and m eddltlon tensile strength may be 
atsusted In a rang, of „om 4 to 10 MPe ^ increasing content 7£ 
pc^entadecelactone segment (a. value, d«emiln« a, 70-C). The reduced, I.e. slower 

segments used so fcr m the poor art the preferred pcjyeaer ureeianea of the preaent 
ZTZ m °\T * 8mPtoy9d in •» Known polyester ur ^! 

polyester urethanes o, the present inMnllon . £^ £££££ IT 6 
po^oxanon. segmems In p^ar undone deoraTJTratl 
while the polyester urathenes of the prea^^TTT UP ° n <M,U! '' 0n ' 

this rasped The material, m «T! W °° n ^ an >"Wed stability m 

polycepralactonesegementeturthemtc™ do display sh^lmT 8 "" 8 - 
according* .bese pretem* materia,. ^ TZ^ZT^^ *° "* 
(SMP). ^ 8 "S'anatod shape memoty pcJymera 

Such materials are obtained In particular if wmm. . 
invent, me poVpemadeca^^ m ~ * - 

polycaprolacton. segments, are praaent TH? preferat * 
may be adjusted by apprapn^ JT^ 9m ° U '" S - Th ~ ""*>*<> *"»""<• 

«• ^ar segmenTprateSrcCZe ^ * 

™»y caprolactone segments, and the pentadecalactone 
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segments. Generally speaking, with similar or equal number average molecular weights, 
SMP materials may be preferably obtained If the content of further segments, preferably 
caprolactone segments, within the polyester urethane is higher than the content of 
pentadecalactone units. Is the molecular weight of the further segments, preferably 
polycaprolactone segments, within the polyester urethane however higher than the 
molecular weight of the polypentadeca lactone units, the content of pentadecalactone 
units may be higher than the content of further segments, preferably caprolactone units. 

Good SMP-materials may in particular be obtained using the following compositions: 

Polypentadecalactone segment Molecular weight 1000 to 10.000 g/mol (number 
average), preferably 1500 to 5000, in particular 2000 to 3000 g/mol. 

Polycaprolactone segment Molecular weight 3000 to 11.000 g/mol (number average) 
preferably 4000 to 10,000 g/mol. 

Polycaprolactono-co-polytetranadrbfurane segment molecular weight 1000 to 5000 
g/mol (number average), preferably 1 500 to 3500 g/mol. 

Polytetrahydrofurane segment: Molecular weight 1000 to 5000 g/mol (number avereae) 
preferably 1500 to 3000 g/mol. 

Polypropyieneglacol segment: molecular weight 1000 to 8000 g/mol (number average) 
preferably 1 200 to 4500 g/mol. 

Polyethylenegiycol segments: Molecular weight 1000 to 25,000 g/mol (number average) 
preferably 1500 to 20.0000 g/mol. 

Poly-L-lactide^lycolkfe segment (ran): Molecular weight 4000 to 10.000 g/mol 
(number average), preferably 5000 to 8000 g/mol. 

Poly-DL-lactide segment Molecular weight 4000 to 15,000 g/mol (number average) 
preferably 5000 to 11,000 g/mol. 

Polyeeterurethane: Molecular weight 50.000 to 200,000 g/mol (number average) 
preferably 60,000 to 190,000 g/mol; content of the additional segment 20 to 80 wt%.' 



I 



CA 02426740 2003-04-X6 



segment 80 to 20 wt%. preferably 5S to 30 wro, more preferably 40 to 60 wt%. 

The polymers of the present Invention may be Wended with further components. whl* 
former widen, fhefr rang, of sppBceton. FHIers, such a. silica, banum suL and eHTr 

~ "T"* 88 ~ « ^ 

blended «th the polymers of the pmsem lmeMon , ^ "» ~ 

CT* r ^ effected If the addition amount is within the ^T te 
(based on «h. w*ghf of*. fo« bt.no, , pre*** wfmfn fhe rcng, of f3fo 10^ 

ll is furthermore posslbl. to bland me pdymera of fhe present invention with „fh„ 
commercially available oohimam >m, „ i™enoon with other 

kneadaraorextruttora. ^ Mm «»""*f> -"fng suitable 

~r ^ bZothtT^ TraZT^ ~ 
urethane based on PCL view » I posters, preferably PCL and a polyester 

selected In such a way so that ^ pro ^ 9rties - ^ blend rate preferably is 

^ou, be* 9 bound * Z ZT^ZtZT % ' 
achlevad fhrougn fha uramane segmen* Z^ZZJ^ IZT^ * 
far as macroacoplc properties are concamed m .hi ? " e8ponas ' M 

memo-y materials, concerned, to fhe eovalenBy erosslhked snap. 
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Such blends may be prepared by coprecipitation from a solution or by compounding. 
Copredpltatlon results in a superior mbdng. However coprecipitation has drawbacks due 
to the use of solvents, in particular regarding costs as well as regarding working safety. 

The materials in accordance with the present Invention furthermore may be processed in 
order to obtain interesting products, such as foams (porous structures) as well as micro 
carriers (micro beads), which may be employed over a broad range of appQcations. Due 
to the properties of the materials valuable products in particular in the medicinal field may 
be obtained. 

Production of a foam may be carried out In the usual way, such as compounding with a 
foaming agent and extruding or by thermally induced phase separation of a polymer 
solution. The type of foaming agent is not critical and It has been proven that usual 
foaming agents may be employed using master batch technology. 
The foams which may be obtained generate, due to their shape memory properties 
which are not lost due to foam preparation, controlled forces upon recovery of the 
permanent shape, which opens up further applicab'on ftelds. 

During the production of the foam the pore size as well as the pore size distribution may 
be controlled in the manner known to the skilled person, by adjusting (he geometric 
configuration of the screw, processing temperature and torque 

The micro carriers of the present Invention, which may for example be employed for 
Tissue Engineering, mey be produced from the materials of the present invention using 
usual processes, such as solvent evaporation of an emulsion or by theimally induced 
phase separation of a solution, in each case comprising at least one polyester urethane 
of the present invention. The size of the micro earners (av. Diameter) may vary within 
the range of from 100 nm to 800 urn, preferably 100 to 200 pm. dependng from the 
desired field of application. The particles substantially show a spherical shape and often 
do show an inner hollow cavity. The surface is predominantly smooth with some 
structures within the nanometer region. 

The present invention is further illustrated with the following examples. 

i 

Preparation of polyester macrodlote 
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Caprolactone and pentBdecalactone, respectively were polymerised under ring opening 
using ethylene glycol as initiator and dlbutyl tin as catalyst, without addition of any 
solvent, at 130"C. The typical reaction time was 5 hours. Selecting the amount of initiator 
adjusts the molecular weight 

In this manner different macrodiols were prepared having molecular weights (number 
average) of 10000, 2000 and 3000 g/mol for macrodiols form pentadecalactone and 
1 0000 and 4000 g/mol for makrodiols from caprolactone. 

Further polyester urethanes, In which the segments of PCL had molecular weights of 
2000, 3000, 4000 and 10000 g/mol and in which the segments of POL has molecular 
we,ghts of 2000 and 3000 g/mol were evaluated and ft was found that the materials 
showed a matting point of the PCL segments in the range of from 30 to 55'C which Is 
preferred f n parHcularfor many applications In the medicinal field. 



Preparation of polyester urethanes 



^Ttr* 018 re8Cled USln8 3 "**"»'«.<- and 2A4.«1methy»,a*ana., 9. 

d^T* IT"" "* e * et ™' was ™ « 80-C «£ 

a. ca**., ara l. 2 ^ toroe ^ „ ^ ^ 



MM manner am*™,, polyaaar uratr,an« were prap.raa wWaf, are aummarfeed (r, «*, 
*»a„,n a «*. PDL daaofcas „« ameun. a, pamWaca.aa.ane wK* tTp^ 
urtfhane („. Ble0 * 9 ma dteecyenate BnKara) as ««,, e. ,he moteeular wlht TJT 
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Example 


PDL 


PCL 


Molecular 
weight of the 
polyester 
ure thane 


E-Module 
(70 B C/MPa) 


Tensile 

strength 

(MPa) 


1 


100 wt-% / 
10000 g/mol 




Wn = 192000 


17 


18 


2 


22 wt-% / 
10000 g/mol 


78 wt-% / 

10000 g/moi 


Mn = 120000 


1.4 


5 


3 


41 wt-% / 
10000 g/mol 


59 wt-% / 
10000 g/moi 


Mn =196000 


3 


10 


4 


60 wt-% / 
10000 g/mol 


40 wt-% / 
10000 g/mol 


Mn =176000 


7 


8 


5 


80 wt-% / 
10000 g/moi 


20 wt-% / 
10000 g/mol 


Mn =185000 


8.5 


7 


6 


40 wt-% / 
2000 g/mol 


60 wt-% / 
4000 g/mol 


Mn = 86000 


3.5 

35 (RT) 


4.5 

23 (RT) 


7 


50 wt-% / 
3000 g/mol 


50 wt-% / 
10000 g/mol 


Mn =» 75000 


1.5 

70 (RT) 


1.6 

24 (RT) 


8 


40 wt-% / 
3000 g/mol 


60 wt-% / 
10000 g/mol 


Mn = 62000 


3 

45 (RT) 


9 

30 (RT) 



In order to evaluate the temperature dependence of the mechanical properties 
experiments were conducted with the material of. example 8. The results of these 
experiments are given In the following table and demonstrate that the tensile stretch 
remains almost without change even when heating the material to a temperature close to 
the melting temperature of the polypentadecalactone segments while E-modulus and 
tensile strength decrease. Comparable polyester urethanes comprising 
polyparadioxanone segments in place of th epolypentadecalactone segments do show a 
significantly lower tensile stretc h. 
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f 

1 




e-Moauius 


Tensile 


v w / 




(Mpa; 


strengtn 








(MPS) 


22 


son 




30 


37 


1000 


25 


30 


50 


1000 


\2 


20 


55 


1050 


7 


15 


60 


1050 


3 


10 


65 


1000 


3 


10 


70 


11000 


3 


9 


75 


1000 


3 


7 


80 


1000 


1.5 


3 



Furthermore the materia, was subjected to experiments for the determination of the 
shape memory properties. Thermo-cydlc experiments were carried out (for an 
explanation of such experiments see for example the International Patent Applications 
described in the introductory part of the present application). Values tor shape fixity (Rt) 
and shape recovery after the course of several cycles (Rr) were determined. The results 
are shown In the following table. 



Number of 
cycles 


Rf(%) 


Rr(%) 


1 


98 


m 


2 — 


98 


85 


3 


98 


98 


4 


98 


99 


5 


98 


99 



«teet we. InlHated * . tampan*™ of 80'C. Similar resupts may be obtained if the shaee 
memory affac, „ , nlllat6a „ wtNn „. ^ « "»■» 
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In addition the following copolyester urethanes were produced and several mechanical 
properties were tested. 

PDL-polyrothane comprising partially crystalline soft segments 
Composition of polyester uretheno comprising PDL 
PDL= polypentadecadolactone, polyester 
+ PCL = pofycaprclactone, polyester 

♦ PCL-co-pTHF = polycaprolactone-co-polytetrahydrofuran , polyetherester 

+ pTHFo porytetrahydrofUran, polyether 

■»- PPG* polypropyleneglycol, polyether 

+ PEG= Polyethyleneglycol, polyether 

( novel combination hydrophobic (PPDL) hydrophillc (PEG) 



Combination with pdl aooo fl/moj 



Material 


% 




% 


Mn 


PDL 3000 g/rnol 


100 






69.000 


PDL 3000 g/mol 


50 


PCL 1000 g/rnol 


50 


72.000 


PDL 3000 g/mol 


50 


PCL 1250 g/mol 


50 


105.000 


PDL 3000 g/mol 


50 


PCL 2000 g/mol 


50 


83.000 


PDL 3000 g/mol 


40 


PCL 2000 g/mol 


60 


76.000 


POL 3000 g/mol 


50 


PCL 3000 g/mol 


50 


75.000 


PDL 3000 g/mol 


40 


PCL 3000 g/mol 


60 


89.000 


PDL 3000 g/rnol 


50 


pcl 4000 g/mol 


50 


185.000 


PDL 3000 g/mol 


40 


pcl 4000 g/moi 


60 


95.000 


PDL 3000 g/mol 


50 


pcl 10000 g/mol 


50 


87.000 


PDL 3000 g/mol 


40 


PCL 10000 g/mol 


60 


103.000 


PDL 3000 g/mol 


30 


PCL 10000 g/mol 


70 


89.000 


PDL 3000 g/mol 


60 


pcl 10000 g/mol 


40 


73.000 


PDL 3000 g/mol 


40 


PCL-co-pTHF 
2000g/mol 


60 


79.000 
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PDL 3000 a/rnn! ~ 
» u>i— www y/ f i iui 




BTUC *5KAn n/mnl 


Ow 


40.UUU 


PDL 3000 aSmfii 




Bnp (in/M /./rvs/sl 

rr\» i<cuu g/moi 


ovJ 


oo,uuu 


PDL 3000 g/moi 


40 


PPG 4000 g/mol 


60 


53.000 


PDL 3000 g/mol 


40 


PEG 2000 g/mol 


60 


28.000 


PDL 3000 g/moT" 


40 


peg 4000 g/mol 


60 


32.000 


PDL 3000 g/mol 


40 


PEG 6000 g/mol 


60 


40.000 


pdl 3000 g/mol 


40 


PEG 8000 g/mol 


60 


42.000 


PDL 3000 g/mol 


40 


PEG 1 oooo g/moi 


60 


43.000 


POL 3000 g/mol 


40 


PEG 20000 g/mol 


60 


50.000 


Combination with pdl pnflo o/mo| 




iviausricu 


% 




% 


Mn 




30 


PCL 2000 g/mol 


70 


75.000 


pdl 2000 g/mol 


40 


PCL 2000 g/mol 


60 


95.000 


PDL 2000 g/mol 


50 


PCL 2000 Q/mol 


50 


65.000 


PDL 2000 g/mol 


60 


pcl 2000 g/moi 


40 


73.000 


PDL 2000 g/mol 


70 


pcl 2000 g/mol 


30 


46.000 


PDL 2000 g/mol 


30 


PCL 3000 g/mol 


70 


99.000 


PDL 2000 g/mol 


40 


PCL 3000 g/mol 


60 


72-000 


PDL 2000 g/mol 


50 


PCL3000g/moi 


50 


78-000 


PDL 2000 g/mol 


60 


PCL 3000 g/mol 


40 


73.000 , 


PDL 2000 g/mol 


70 


PCL 3000 g/mol 


^30 


65.000 


PDL 2000 g/mol 


30 


pcl 4000 g/moi 


70 


A fN AAA 

49.000 


PDL 2000 g/mol 


40 


PCL 4000 g/mol 


60 


62.000 


PDL 2000 g/mol 


50 


PCL 4000 g/mol 


50 


85.000 


PDL 2000 g/mol 


60 


PCL 4000 g/moi 


40 


83.000 


PDL 2X0 g/mol 


70 


PCL 4000 g/mol 


30 


gA noo 

Ww> www 


PDL 2000 g/moi 


30 


pcl 10000 g/moi 


70 


86.000 


PDL 2000 g/mol 


40 


pcl 10000 g/mol 


60 


109.000 


PDL 2000 g/moi 


50 


pcl 10000 g/moi 1 


50 


130.000 


PDL 2000 g/mol 


60 


PCL 10000 g/mol 


So - 


121.000 


pdl 2000 g/moi 


70 ] 


h*cL 10000 g/moi : 


JO 1 


J1.000 


PDL 2000 g/mol 


30 1 

4 


°Cl-co-pTHF 7 
2000g/mol 


'0 I 

1 


30.000 
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PDL 2000 g/mof 


40 


PCL-co-pTHF 
2000g/mol 


60 


78.000 


PDL 2000 g/moi 


50 


PCL-CO-pTHF 

20009/mOI 


50 


89.000 


pdl zouu g/rnoi 


60 


PCL-CO-pTHF 
2000g/moi 


40 


59.000 


PDL 2000 jj/moj 


70 


PCL-CO-pTHF 
2000g/mol 


30 


55-000 


PDL 2000 a/mol 


■fv 


PPf% 1900 n/mol 


WW 


yu.UUU 


PDL 2000 g/mol 


40 


PPG 4000 g/mol 


60 


53.000 


PDL 2000 g/mol 


40 


PEG 2000 g/mol 


60 


28.000 


PDL 2000 g/mol 


40 


PEG 4000 g/mol 


60 


32.000 


PDL 2000 g/mol 


40 


PEG 6000 g/mol 


60 


40.000 


PDL 3000 g/mol 


40 


PEG 8000 g/mol 


60 


42.000 


PDL 3000 g/mol 


40 


PEG 10000 g/mol 


60 


43.000 


PDL 3000 g/mol 


40 


PEG 20000 g/mol 


60 


50.000 



Mechanical orony^ ■ 



Material 


Temp. " 


E-Modulus 


Tensile stretch 


PDL-2K-CO-PCL1 Ok 40/60 


20'C 


35 


1350% 


PDL-2k-co-PCL1 Ok 40/80 


70*C 


5 


1000% 


PDL-3K-00-PCL1 Ok 40/80 


20°C 


145 


1500% 



PDL-paJyurethane comprising glassy components 

Composition of polyester urethanes with PDL 

PDL= polypentad^cadolacton, polyester 

PLGA= poly-L-JactJde-co-gfycollde (ran), polyester 
P-OL-LA = poly-D I_-4actide, polyester 
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Material 


% 




% 


Mn 


PDL 3000 g/mol 


50 


PLGA 7000 g/mol 


50 


65.000 


PDL 3000 g/mol 


40 


PLGA 7000 gAnol 


60 


55.000 


PDL 2000 g/mol 


60 


P-DL-LA 6000 g/mol 


50 


87.000 


PDL 2000 g/mol 


40 


P-DL-LA 6000 g/mol 


^60 . 


72.000 


PDL 2000 g/mol 


50 


P-DL-LA 10000 g/mol 


50 


63.000 



Material 
HUL-3k-co-P.DL.LA6k 50/50 



HOL-3k-C0-P-DL4 A6k 60/60 
PUL-3k-co-P^5L^A6k 50/50 ' 



Temp. 

IzotT 



50'C 



E-Modulus MPa 
279~ 



31 
25" 



Tensile stretch 
453% 



303% 
276% 



n^T^ P " DCrLAbkb0/60: compnslng segments of PDL and P- 

each of the segments PDL and P-DL-LA, respectively 




VuL-3k-oo.p-b irg 6k gp^Q 

^UL-3k-co-P.DUp >, 6k 60/50 
r HUL-3k-co-P-DLrLA6k 50/50 



Blendf 

The following blends were prepared and evaluated: 
comprising PDL 
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Additives were mixed with a PDL polyester urethane having the composition PDL-3k- 
co-PCL-l0k4o/60. 

The following additive components were added in amounts of from 0.5 to 25 wt-%: 

Colorant (master batch comprising PDL-3k-co-PCL-10k 40/50 and about 5 to 10 wt.-% 
colorant) 

■ nano-sllver 
• barium sulfate 

For a blend comprising 10 wt-% of the colored master batch the following shape 
memory properties were obtained: 



Shape Memory Pmr^ni^- 



Material ' " 


Number of 
cycles 


Recovery % 


Fixity % 


90% PDL-3K-C0-PCL-1 Ok 40/60 
10% master batch blue 


1 


30,5 


96,3 


au% PDL-3K-CO-PCL-1 Ok 40/60 
1 0% master batch blue 


2 


93,3 


98,5 


80% PDL-3k-CO~PCL-10k 40/60 
10% master batch blue 


3 


96.5 


99,5 


90% PDL-3k-CO-PCL-10k 40/60 
10% msster batch blue 


4 


98,6 


98,6 


90% PDL-3k-co-PCL-10k 40/60 — 
10% master batch blue 


5 




99,2 


98,9 



Also blends with commercially available polymers, such as PE or PVC. when using of 
from 60% to 90% PDL-pofyurethane satisfactory shape memory properties, which 
correspond to those given above. 



Shape Memory Glands 
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These blends are mixtures of pure PDLi>otvurethanes with PCI and PCL- 
polyurethanene. respectively. Only after a combination of the two materials yields a 
shape memory material. For preparing those blends both materials, the PDL- 
pclyurethane and PCL or PCL-poiyurethane are dissolved together and are subsequently 
precpitated (o>precipltatjon). In addition blends were prepared in the melt using a 
compounder (twin screw extruder). 



Components emptr^- 
A: PDL-3k-poiyurethane . Mn 95.000 
B: PCHOk-polyurethane , Mn 102.000 
C: PCL; Mn 8O.O00 

VV^contemofthePOL-eoify^of^ 20% - 80 % good shape memory 



Material : 

w^PDL^k^iyiHthane 

60% PCL-IOk-polyurethane 


I Number of 
cycles 


Recovery % 


Fixity % j 


"l ~~ 


5o\6 


'98^ H 


4tm PDL-ak-potyuret^ane 

60% PCL-IOk-polyurethane 


2 


97,3 


98,2 


«u% PDL^k-polyurethane ' 
60% PCL-10k-po|yurethane 


3 


198,5 


99.1 


4U% PDL-3k-poly U rethane 
60% PCL-lOk-polyurethane 


4 


98£ ~ 


98,6 


40% PDL-3k^oKlrethane 

60%PCL.lOk-polyurethane 




99TT 


98^ 



EBkEai^tetja 



jdggton behaviour 



i 
i 
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Experiments were carried out regarding the degradation behaviour of the resorbable 
materials. Degradation studies were conducted at body temperature (37'C) in aqueous 
buffered solutions (phosphate buffer, pH 7, comprising NaaHPO* KjHPCk and NaN 3 ). In 
order to obtain estimates above long term behaviour so called accelerated degradation 
studies were carried out at 70«C. For the purpose of this evaluation samples are taken at 
defined times and molecular weight (Mn) as well as relative weight loss (%) are 
determined. 

In the following table the results of evaluations for the material PDL-2k-co-PCL-lOk are 
listed. 







T-70-C 








T = 37»C 


Week 


Mn 

[g/molj 


Weight loss [%] 




week 


Mn 

Ig/moi] 


weight loss [%] 


0 




185.000 




0 


185.000 


0 


1 


0.08 


175.000 




2 


184.000 


0.06 


2 


0,11 _ 


152.000 




6 


183,000 


0.12 


3 


0.16 


134.000 




10 


184.000 


0,15 


4 


0.19 


76.314 




18 


182.000 


0.17 


6 


0.24 


27.054 




29 


180.000 


0,20 


8 


_ 0.29 


8.769 










12 


5.90 


2.178 










16 


22.65 


2.469 










21 


41.61 


2.123 










25 


49.36 


3.061 










29 


53.06 


2.976 











CA 02426740 2003-04-16 



19 



in the following table the results of the degradation experiment using the material PDL- 
3k-co-PCL-10k are listed. 







Ta70'C 


%aratrttr 


Mn 

fg/molj 


Weight lose [%] 


0 


185.000 


0 


1 


182.000 


0,05 " " 


2 


160.000 


0.11 


3 


123.000 


0,15 " "j 


4 


11Z000 


0.18 


6 


[49.000 


0.21 


8 


17.500 


0.41 


12 


10.000 "~ 


6.4/ j 


16 


7.300 


23,98 


21 


4.200 


43,54 


25 ■ I 


3.500 


50.46 j 


29 ] 


rm 


54,15 "T 









week 


"ton" " " 
(g/molj 


weignt loss |%J 


0 


185.000 


fo 


2 


184.000 


0,08 


6 


183,000 


0,15 


10 


184.060 


0,18 


18 


182.000 


[0.20 "j 


29 


180.000 


10,22 







































morons. A dfs«rict ^ZIZT • 3 mfcr0SC ° Pe P° 8slbte ~*ce 

,StfnCt ° han9e ,n me "Wotofly of the surface could be detected 
Bio compatabrllty studies: 

w» ettyu,™, ox** ""■«* pHor to me*, expel™,*, 

J - UOntro ' «* membran e 'ntegrfty was carried out 
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by PA 17 vital coloration (vital celts are colored green). Morphology of the cells after 24h 

Incubation was evaluated using Pa 13 hamaiaun coloration. 

Evaluation: 

For bith samples membrane integrity was not affected by the materials of the present 
invention. 

The morphology of the cells on the samples Is. compared with the negative control, not 
changed. Cell apparence of the culture and the seeding efficlence on the material 
con-respond to that of the negative control 



Processing of Pfti ^iyo^ ..r»tt», nn 



Foam extrusion; 

After extruding and peiietizing the polymer, the polymer, in a second work up, Is mixed 
with a master batch in a double srew extruder (chemical foaming agent Hydrocerol CT 
572, product of Clanarrt), in order to obtain a foam (5% foaming agent, 95% PPDL-3k-co- 
PCL1 0k). The material, in the form of the rod In the temporary shape is compresed to 25 
% of the Initial diameter. Subsequently the rod is expanded again by heating the 
compressed rod. The initial (permanent) shape is recovered, during this recovery a force 
of SON is exerted by the material. 



FoamebvTlPS 

A further method for producing porous structures is the .thermally indfced phase 
separation' (TIPS) eingesetzt A polymer solution (dioxan, 1 to 26 wt.-% polymer) la 
cooled at a defined gradient (from 60«C to 3 - C). During cooling a liquid-liquid separation 
occurs first Further cooling solidifies the formed phase structure. Using the material 
PDL-3k-co-PCUOk a foam could be produced. The solvent was removed using a high 
vacuum. 

Prparatlon Of micro carrta^ 100 nm-SOO U m) 



Preparation of mlcrobeeds from PDL-3k-co-PCLl0k Using an emulgator (PVA) an oiMn- 
water emulsion was prepared. By carfully removing the solvent spherical micro camera 
were obtained. Using SEM a broad distribution of the particle size was found, as well as 
a norvuniformlty regarding the particle shape. On average the particle size was in the 
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range of from 100 to 200 urn, with the most part of the earners showing a sperical shape. 
SEM evaluations furthermore showed that most of the carriers were hollow an collapsing 
under the electron beam. Evaluations of single carriers revealed that they showed a 
smooth surface having some sort of structure within the nanometer range. 



The present invention provides novel polyester urethanes, which enable a controlled 
adjustment of desired profile of properties. The starting materials to be used are usual 
compounds, which are available without to much effort The reactions to be used for 
preparing the prepoiymers (macrodlols) are typical operations in the field of polymer 
chemistry, so that the polyester urethanes of the present Invention may be obtained in a 
simple and efficient manner. The present invention enables to overcome the drawbacks 
of the known materials described above. 



CA 02426740 2003-04-16 



22 



CLAIMS 

1. Polyester urethane, comprising segments, of pentadecalactone units. 

2. Polyester urethane according to claim 1. comprising at least one farther segment 
comprising ester units and/or ether units, different from pentadecalactone units. 

3. Polyester urethane according to claim 2, wherein the further segments are 
partially crystalline segments. comprising poyestereegments. 
polyatherestersegment and polyethersegments, such as poiycaprolacfcone 
segments (PCL), poiycaprolacton-ro-polytetrahydrofliran segments (PCL-co- 
pTHF), tetrahydrofunan segments (pTHF), pofypropyleneglycol segments (PPG) 
and pofyethyteneglycol segments (PEG), or glassy segments, comprising 
polyester and copolyester, such as pofy-Wactide«co-glycolld6(ran) (PLGA) and 
poly-OL-lactide (P-DL-LA). 

4. Polyester urethane according to any of the preceding claims , wherein the 
segments of the pentadecalactone units do show a number average molecular 
weight of from 1000 to 20000 g/mol. 



5. Polyester urethane according to any one of claims 2 to 4, wherein the further 
segments comprising ester units and/or ether units do show a number average 
molecular weight of from 1000 to 20000 g/mol. 

6. Polyester urethane according to any one of the preceding claims, having a 
numberc average molecular weight in the range of from 50000 to 250000 g/mol. 



7. Polyester urethane according to any one of the preceding claims, obtained by 
reacting macrodiols with an aliphatic dfisocyanate. 



I 
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8. Polyester urethane in accordance with any one of the preceding claims, 
comprising 10 to 80 wt-% pentedecalactone units. 

9. Polyester urethane having shape memory properties In accordance with any one 
of claims 1 to 8. 

10. Polyester urethane in accordance with claim 9, comprising 20 to 80 wt.-% 
caprolactona units and 80 to 20 wt-% pentedecalactone units, wherein the 
polycaprolactone segments have a number average molecular weight of from 
3ooo to 11000 g/mol and wherein the pofypentadecalactone segments have a 
number average molecular weight of from 1000 to 10000 g/mol. 

11. Blend comprising at least one polyester urethane In accordance with any one of 
the preceding claims comprising at least one further components selected among 
polyethylene, polypropylene, polystyrene. PVC. fillers, colorants and 
medicaments. 

12. Process for preparing a foam comprising at least one polyester urethane 
according to any one of th eprecedlng claims, comprising the steps: 

Compounding at least one polyester urethane according to any one of the 
preceding claims with a foaming agent and extruding the Wend; or 

Dissolving at least one polyester urethane according to any one of the preceding 
claims In a solvent and subjecting the solution to a thermally induced phase 
separation in order to prepare porous structures. 
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